T he continued rising cost of textbooks has become a serious limitation to affordable higher education. The College Board reports that students at 4-year, public institutions of higher education spend $1,250 per year on textbooks (The College Board, 2017) . According to a survey conducted by Senack and the Student Public Interest Research Groups, 65% of students surveyed claimed they had forgone purchasing a textbook required for a class due to the high cost of the text, despite 94% of students admitting concern that not buying a textbook may hurt their grade in a course (Senack and The Student Public Interest Research Groups, 2014) . Further, 82% of students surveyed said they would perform better in classes if a textbook was freely available online, along with an optional purchase of a hard copy, thus indicating open textbooks as a viable and student-preferred long-term solution to rising textbook costs. It should be noted that this survey included 2039 students from more than 150 universities, providing a general outlook on student views on textbook costs.
In an effort to address these student concerns of textbook cost, some universities have established campus-wide efforts to develop and adopt open/alternative educational resources (OAERs) to reduce the burden of textbook costs on students. One example of such an initiative is the Kansas State University (K-State) open/alternative textbook initiative ("The Open/Alternative Textbook Initiative," Kansas State University, 2016). Lashley et al. (2017) described the initiative in detail, stating that it entails competitively funded awards of up to $5,000 to facilitate the development and adoption of OAERs in K-State courses. They further state that the initiative is funded with a $10 fee that is charged to each student enrolled in courses using OAERs developed through initiative support, of which $9 is returned to the home department for each course to support the continued development of the OAER, and $1 is retained by the initiative for the competitive funding of future OAERs in other K-State courses. They show that this OAER funding model has proven financially successful at K-State, as evidenced by an estimated cumulative savings of $921,000 for 10,941 students during the 2015-2016 school year. They reported that the student body was also reported to be supportive of the initiative.
During the fall 2014 semester, Delimont et al. (2016) conducted an interview of 2074 students enrolled in 13 courses that utilized OAERs developed or adopted as a result of the K-State Open/Alternative Textbook Initiative. In that survey, students reported that they would like OAERs to be used in more courses, would prefer to use OAERs as opposed to purchasing traditional textbooks, and rated the OAERs currently being used as good quality. Although that survey was used to gauge the views of students enrolled in 13 different courses representing many majors, it is not known how these results reflect the views of students enrolled in introductory soil science courses, or more generally, students enrolled in natural science majors.
As student and instructor demand for OAERs has increased, so has the prevalence of open-source textbooks.
The term "open-source" is borrowed from the software industry, in which developers of open-source software collaborate using the internet to develop commercial-quality software that's free, or offered at a nominal cost for printing, to the public (Bergman, 2014) . Some well-known examples include the Linux operating system (the Linux developer community), Apache OpenOffice (The Apache Software Foundation, Forest Hill, MD, USA), and the Mozilla Firefox internet browser (Mozilla Foundation and contributors). Open-source software typically has one or more original authors who release the source code to the community at no cost. Members of the community then contribute time and efforts to improve on the source code in return for recognition for efforts, but no monetary gains.
As Bergman (2014) described, open-source textbooks work in a similar manner. He states that the primary author, also known as the originator, or owner of the project, provides the definition for the project and topics, and is responsible for defining the intended audience, scope, table of contents, format, style, and ancillary materials for the book. He also states that primary authors typically provide several chapters that establish the framework for any additional chapters that might follow, and that these chapters define the desired writing style, provide example figures and tables, format exercises and problems, and serve as an example of any additional style and formatting details as to ensure consistency for chapters developed by contributors. He adds that authors typically choose a word processor or related publishing software tool that will be used by the community for the development of all future chapters. Bergman also describes attribution to contributors, stating that as community members contribute to the textbook, they are granted recognition based on levels of contribution as set by the primary author. Examples included co-author, secondary author, contributor, or minor contributor. He adds that there is no financial incentive for contributors of open textbooks. However, contributors can include their recognition on their resume during job applications, or when being consideration for a promotions or raises; and contributors gain valuable experience through writing a textbook for the first time, or working as a team member of a successful project. Bergman does not specify where or how rules for recognition would be made available to potential contributors. However, to parallel the established open-source software development model, contribution recognition and a list of open-source textbook contributors can be included in online documentation, or in "readme" text documents associated with the primary textbook file.
A restriction of commercially available laboratory manuals is that activities and content cannot be easily, or in some cases legally, modified to suit the needs of the instructor's teaching style or the needs of the student. In addition, the hands-on nature of laboratory instruction makes the development of laboratory curriculum materials a timeintensive process for instructors. There is both real and figurative value in the ability to adapt open-source laboratory manuals at no cost to the student or school, while also being able to customize the materials for the specific courses, teaching styles, or student needs. This is especially the case for introductory soil science courses where adapting laboratory materials to include examples related to the soils, agriculture, and environment of a particular region allows for specificity that can better engage students. In addition, the nature of open-source textbooks or laboratory manuals allows the instructor to adapt the materials to the needs of their particular student body. For example, the two groups of students who enroll in the two soil science courses taught by the authors differ greatly in backgrounds, interests, and majors. One course is dominated by students with direct ties to agriculture that primarily major in agronomy, horticulture, agriculture technology management, etc.; whereas the other course is dominated by students pursuing degrees related to environmental science, natural resources, and ecology. The ability to cater a laboratory manual to capitalize on the interests of the students is a useful tool for student engagement, and is inherent in the nature of open-source textbooks and laboratory manuals.
Commercially available laboratory manuals have increased in cost similarly to textbooks, resulting in further increases to the total costs to the student. Thus, the development of laboratory manual OAERs is essential for curbing the rising costs of textbooks. Commercial laboratory manuals are currently available for introductory soil science courses (Table 1) 
Soils laboratory Manual design
The content of the Soils Laboratory Manual is outlined in Table 2 . Each laboratory is designed to lead the student through a four-step process: (1) reading a textbook assignment, reviewing the procedures for the upcoming activity, and completing and submitting any due assignments; (2) completing a pre-lab assignment; (3) conducting the laboratory activity and tabulating data as required; and (4) completing the post-lab quiz, problem set, or laboratory summary as required. Each laboratory is structured into five sections: Objectives, Pre-lab Assignment, Introduction, Activities, and Assignment. The instructor's version has an additional Materials and Supplies section, and has each question throughout the laboratory manual answered in full. The pre-lab assignments are suggested questions that accompany the recommended reading and the upcoming laboratory activity, and have been used in AGRON 305 to facilitate a group discussion among the class and laboratory instructors (generally graduate teaching assistants, GTAs).
However, they could easily be used as pop quizzes, regularly graded assignments, or review questions for upcoming quizzes and exams. The introduction sections contain information and material related to the activity, such as calculation examples, reference tables and figures, and so forth. The activities vary from laboratory to laboratory. Some examples include field trips to nearby soil pits, in-class problem sessions in which students complete problem sets in groups, hands-on experiments, and station-based observational activities. The three types of graded, postlab assignments include online quizzes, problem sets, and laboratory summaries. The online quizzes are administered at K-State using the Canvas learning management system (LMS; Instructure, Salt Lake City, UT, USA). Problem sets are used to provide instruction for applied math and chemistry skills required for some topics in the course, and are completed as either in-class activities or as take-home assignments. Laboratory summaries are streamlined laboratory reports that focus on accurate reporting of data using appropriate figures and tables, and correct interpretation of results as it pertains to targeted questions for each activity. A points system (50 points for quizzes, 75 points for problem sets, and 100 points for laboratory summaries) is used to communicate the necessary effort required to successfully complete each type of assignment.
open-Source development
The open-access textbook development described by Bergman (2014) focuses on situations where a single version of the textbook is the focus of the overall collaborative project. A slightly different approach will be used for the Soils Laboratory Manual, in which collaborators will be encouraged to develop institution-specific editions of the laboratory manual to allow for examples and assignments specific to the soils of a particular region, or to the students in a particular soil science course. Instructors who wish to gain access to the instructor version of the manual, and all ancillary assignments, answer keys, and related materials, will complete a Google Form (Google, Mountain View, CA, USA) with information that will prove their standing as an instructor of record for their course. The primary authors for Soils Laboratory Manual will be provide screening of instructor access requests. Each approved instructor will have read-only and download access to all documents within the library (i.e., from each university) and complete editing rights for their own institution-specific folder within the library. This will allow instructors to read, download, and use existing versions of the Soils Laboratory Manual in their entirety from other institutions, or to download editions from multiple institutions to assemble and develop their own institution-specific edition of the manual. Instructors who develop their own institution specific editions-particularly those who develop completely new chapters and activities, or make other significant changesare encouraged to upload and share their edition of the laboratory manual to their respective institution-specific folder within the library. Contributions will be recognized according to the four levels of contributions summarized in Table 3 .
SUrVEy mEthodS
A survey was conducted for all students enrolled in AGRON 305 at K-State during the fall 2016 and spring 2017 semesters (heron referred to as fall and spring semesters, respectively). This course is a sophomore-level course with an enforced chemistry prerequisite. It is a 4-credit course, and entails three, 1-hour lectures and one, 2-hour lab per week. The course is typically enrolled at, or near the 120 student capacity. The laboratory component of the course consists of five sections of 24 students, and each section is taught by graduate teaching assistants under the supervision of the instructor of record.
Students received a total of 30 points extra credit as an incentive for particpating, which were applied to the laboratory assignment portion of each student's grade out of 950 potential points for all laboratory assignments. Laboratory assignments counted for 28 and 30% of the overall grade in the fall and spring semesters, respectively; thus, the incentive was equivalent of 0.9% of the student's overall grade. An alternative activity (a paper describing how soil science is relevant to their respective majors) was made available to any student who wanted extra credit, but did not want to participate in the survey. However, no requests for an alternative activity were made. The survey was administered online using the Qualtrics survey platform (Qualtrics, Provo, UT, USA). All enrolled students received an anonymous link to the online survey via the Canvas learning management system. The survey was conducted following the final laboratory activity of each semester, and students were given approximately 1 week to complete the survey in both semesters.
The survey questions, along with the Qualtrics question skip and display logic are included in Supplement 2. Questions varied in type, and included ordinal multiple choice, nominal multiple choice, fill in the blank, and short answer questions. Students were required to provide their name and university email address to apply extra credit toward each participant's grade, cross-check for duplicate submissions, and ensure each survey participant was actually enrolled in the course. The names and email addresses were removed prior to data analysis. The survey questions are summarized into questions related to demographical information, textbook costs and perceived impact, textbook format preferences, preferences for accessing the Soils Laboratory Manual, and feedback on the Soils Laboratory Manual and related course content.
The options for accessing the laboratory manual differed by semester. During the fall semester, students had a choice between a printed, spiral-bound copy available for purchase for $26 from the university bookstore, and a free PDF made available through the LMS. Only the free PDF was available to students during the spring semester. The change was related to a $10 per copy fee for copyrighting the laboratory manual that as required by the contracting printing service, but unnecessary due to the CC BY-NC-SA 4.0 license. To avoid this fee, the AGRON 305 course was granted a waiver for a requirement that all course packets and laboratory manuals be exclusively printed through and made available for purchase from the university bookstore.
rESUltS aNd diScUSSioN
The response rate among AGRON 305 students was 107 out of 114 enrolled, and 106 out of 121 enrolled during the fall and spring semesters, respectively.
Student demographics
The distribution of the 213 total participants by major and by year in school is shown in Fig. 1 . There were more than 15 different majors represented in the pool of respondents. The three most prevalent majors included agronomy, horticulture, and agriculture technology management, which represented 20, 14, and 11% of the total number of respondents, respectively. The survey included first, second, third, and fourth-year students. The distribution of students by year in school did vary by semester, with no freshmen participating in the survey in the fall semester. This is likely due to the required chemistry prerequisite for AGRON 305, which most students do not have coming into the fall semester of their first year in college. The majority of the first-year students during the spring semester were agronomy majors, likely due to AGRON 305 serving as a prerequisite requirement for higher level agronomy courses. Of the 11 majors listed in Fig. 1 , all but fisheries, wildlife, and conservation biology are in the K-State College of Agriculture. Although this may be representative of students taking soils at some land-grant institutions in the United States, it may not be representative of all introductory soils courses. However, given the diversity in both student major and year in school, combined with a large sampling size, the results from this survey should prove useful for soil science courses, as well as other natural or applied science courses that include a laboratory component.
Student Views on textbook costs and open textbooks
When asked about a reasonable price for a laboratory manual or course packet, 92% of AGRON 305 students thought manuals or course packets should be priced at less than $20, or between $20 and $40. Interestingly, none of the four laboratory manuals listed in Table 1 fall into either price point, which emphasizes the need for cheaper alternatives. The AGRON 305 students reported that they spend $588 (SD ± $320) annually on textbooks. This is notably less than the $1,250 that was reported by the College Board for students at 4-year, public institutions of higher education (The College Board, 2017) . This could indicate that this pool of students from K-State spend less on textbooks than their peers at other institutions, or the AGRON 305 students potentially misinterpreted the question and instead reported costs for just one semester. Regardless, AGRON 305 students did show signs of financial impact from textbook costs. Thirty-eight percent of students reported that textbook or laboratory manual costs impacted how many classes they took in a semester. In addition, 62% reported that they had went without purchasing a textbook because they could not afford it. Of those who went without buying a textbook, 69% thought not buying a textbook "probably" or "definitely" had a negative impact on their overall grade in a course, and 87% thought not buying a textbook limited their ability to study effectively. Seventy percent of all students reported to have shared a textbook with a classmate to cut down on the cost, and of those, 66% reported that sharing a textbook at least occasionally limited their ability to study effectively.
Most students (59%) purchased textbooks using their own money, while 27% were given textbooks that were paid for by a family member or friend. Some students reported going into debt by financing their textbooks using student loans (15%) or credit cards (6%). The remaining students purchases textbooks using scholarship funds or other means. Purchasing used textbooks is one reprieve from the costs of textbooks common among this population of students, with 86% stating they regularly buy used textbooks. Given the significant student-reported impact of textbook costs on grades and delays in their education, it is clear that a more substantial and permanent solution to rising textbook costs is needed. In the science, technology, engineering and math (STEM) discipline, and specifically the natural science disciplines, courses with laboratory components are very common. Thus, reducing textbook costs through the development of open or alternative laboratory manuals is essential.
Student preferences on textbook and laboratory manual format
A key component to developing effective OAERs is to develop it in a way that is optimized for the students' preferred format and method of use; and in the case of eBooks, optimized for the most available technology that's currently available to the students. The AGRON 305 students had mixed opinions on eBooks, however their opinions depended on whether they had previously used an eBook. For those who had not used one previously, 74% reported that they either somewhat or greatly disliked eBooks. However, for students who had previously used eBooks, negative views toward eBooks were reduced to 53%. Also, the percentage of students who greatly preferred eBooks increased from 0% among those without prior eBook experience to 12% among those who had. Further, 61% of students stated they would be more likely to enroll in a class if they knew it had a free textbook or laboratory manual.
In regard to what devices were available to each student for accessing eBooks, traditional laptops were the most common, with 88% of students having access to one. In addition, 77% had access to a smartphone, 24% had access to a tablet, 17% had access to desktop computer, and 12% had access to a hybrid 2-in-1 laptop tablet. The least common type of device was eReaders, with only 1.4% of students having such devices. Among all types of devices, 74% of students preferred traditional laptops as their device of choice for accessing eBooks. When confronted with a hypothetical scenario where a course textbook or laboratory manual was only available in digital format, but they had the ability to print a hard copy, 64% of students stated that they would print off a hard copy, while 36% said they would access the textbook digitally through their device of choice. Given these results, it is clear that laboratory manuals or digital textbooks should be optimized for both reading on traditional laptop screens and for printing as a hardcopy.
Student Use of the Soils laboratory Manual
During the fall semester, when given a choice between purchasing a printed, spiral-bound copy of the laboratory manual from the university book store for $26, or a free PDF version that they could download from the learning management system (and print if desired), 69% of students used the free PDF version, whereas 31% purchased the hard copy. Of those students who used the free PDF version during the fall semester and all students in the spring semester, 70% of students printed a hardcopy and 30% accessed the PDF electronically. For those who printed a copy, 49% did so using a university-owned printer, 30% used their own printer, and 21% used other means. For those who used other means, most reported in a comment that they had printed a copy using various commercial printing operations in the Manhattan, KS, area, or had printed it using a fraternity or sorority printer. Of those who printed a hard copy, 70% were able to print a copy for less than $10, including 45% of students who were able to print a copy for free. Most students bound their printed copy using a spiral-bound notebook (63%), or had it spiral bound (22%).
Sixty percent of students who accessed the PDF version electronically accessed the laboratory manual using a traditional laptop, which corresponds with their reported preferences described above. Smartphones, tablets, and hybrid 2-in-1 laptop/tablets were also used by 19, 12, and 10% of students, respectively. Sixty-two percent of students who accessed the laboratory manual electronically recorded their answers and data on paper while viewing the laboratory manual on their device, whereas 38% went completely paperless by recording answers and data directly to their device. The students who went paperless mostly used a single program to both view the PDF and to record their answers and data. Common programs listed by the students for this purpose included Preview, a software program native to the Mac operating system (Apple Inc., Cupertino, CA, USA); and Word or OneNote, both software programs included in Microsoft Office (Microsoft, Redmond, WA, USA).
Student Evaluation of the Soils laboratory Manual
Of the Soils Laboratory Manual laboratories listed in Table 2 , the most popular were the soil pit field trips, the composting field trip, soil texture and structure, and the classification and mapping of soil laboratories. Considering that 73% of students had indicated a preference for learning through hands-on activities, these results are not surprising. The two least popular laboratory activities were the chemistry and math review laboratory, and the soil colloids laboratory. Through prior experience, the authors believe the chemistry and math review activity, although unpopular, is necessary because (1) many of the students need a thorough review of chemistry and math concepts that will be used in the class-particularly for dimensional analysis, and (2) early in the semester it is difficult to cover enough lecture material to adequately prepare the students for more applied soil science laboratory activities. The soil colloids laboratory may be unpopular due to the large number of activities that are performed by the student.
Of the three types of assignments, 48% of students reported that online quizzes were their favorite graded assignment, followed by 40% listing problem sets as their favorite. The laboratory summaries and reports were the least popular. It should be noted that this order is inverse to the number of points allotted to each assignment type, which is indicative of the amount of effort necessary to be successful with each type of assignment. Also, there was a relationship between each student's major and their preferred assignment type. The two majors with the highest percentage of students designating problem sets as their favorite assignment were biological systems engineering (56%) and agriculture technology management (59%), both of which could be considered more numerical than other majors represented in the class. In regard to how students used laboratory materials outside of laboratory, 58% reported that they either sometimes or always used the Soils Laboratory Manual when studying for exams, and 53% reported they either sometimes or always used the laboratory assignments when studying for exams. Lastly and most notably, 88% of students somewhat agreed or strongly agreed to the statement, "Overall the lab activities greatly increased how much I learned in Soils." Amazon.com, 2017) . In comparison, the textbook used in the course, Elements of the Nature and Properties of Soils, retails for $127 for a new, paperback copy (Amazon.com, 2017) . As stated above, 30% of students using the free PDF version of the Soils Laboratory Manual by accessing it from their device and incurred no direct expense. The remaining 70% of students printed off a hard copy. Of those students who printed a hardcopy, 70% were able to print their copy for free and incurred no expense, and 30% did incur an expense. Assuming a standard AGRON 305 class size of 120 students with typical enrollments at full capacity, and a conservative $10 cost to print for those who incurred printing expenses, we estimate that a total of $250 is spent cumulatively by all students per semester. The K-State Open/ Alternative Textbook Initiative fee of $10 would result in a cumulative $1,200 in fees. The cumulative cost for the primary textbook would be $15,240. Thus, the total cumulative cost for 120 students would be $16,690. If the Laboratory Manual for Soil Science: Agricultural and Environmental Principles had remained as the laboratory manual for AGRON 305 at the current market value, we estimate the total cost would be $29,100 for the entire class each semester for both the laboratory manual and textbook. Thus, switching from the commercial laboratory manual to the Soils Laboratory Manual results in an estimated cumulative savings of $12,410 per semester, or just over $103 per student, on average.
Estimated Student cost Savings at K-State

potential impacts of the open
Soils laboratory Manual project
In addition to the financial considerations of switching from a commercially available laboratory manual to an open-source laboratory manual such as the Soils Laboratory Manual, there are other important considerations and benefits to consider. First, by having 4-year institutions and local community colleges use a common laboratory manual that is adapted to that state or region, institutions can improve course equivalency, and thus increase the number of courses a transfer student may be able to apply to their 4-year degree. In addition, it improves consistency in course content among institutions. By releasing the Soils Laboratory Manual as open-source, other instructors can use and adapt as they see fit, providing them with flexibility in their lesson planning that they would otherwise not have with a conventional, commercially available laboratory manual. Further, through community submissions of institution-specific editions of the Soils Laboratory Manual, or through the release of improved or revised versions, the quality of the laboratory manual is expected to improve with time, as will the breadth of developed and tested laboratory activities contained within the Soils Laboratory Manual library. 
coNclUSioNS
The rising costs of textbooks and laboratory manuals are a major factor in the increasing cost of college education. The development of OAERs, and open laboratory manuals specifically, can substantially reduce the costs of textbooks in curricula with many lab-based courses. The open-source Soils Laboratory Manual was shown to be an effective tool for reducing the cost of textbooks, and for teaching the fundamentals of soil. Through a survey of 213 students in an introductory soil science course over two semesters, it was established that students are experiencing financial strain due to the costs of textbooks and see open textbooks as a viable solution, prefer accessing eBooks using a traditional laptop or by printing a hard copy, and had distinct preferences on the types of laboratory activities and assignments. The Soils Laboratory Manual, along with the described open-source implementation, is expected to benefit introductory soil science students at many institutions, and can serve as a blueprint for establishing similar open-access, open-source educational resources in the natural sciences and other STEM disciplines.
SUpplEmENtal matErial
• Supplement 1. Soils Laboratory Manual, 145 pages.
• Supplement 2. Survey Consent Form, Questions, and Logic, 13 pages.
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